Potomac horse fever (PHF), caused by Ehrlichia nisticii, is a recently recognized disease of horses of considerable pathogenic importance (4, 7, 15) . The main features of the disease are fever, anorexia, depression, leukopenia, and diarrhea, and the mortality rate is between 10 and 20% (5, 10) . Recent studies indicate that E. risticii can cross the equine placenta and cause infection in the unborn fetus, thus being involved in equine abortion (3, 11) . This new observation adds significantly to the importance of the disease and its impact on the equine industry. E. nisticii can be isolated in cell culture from the peripheral blood mononuclear cells of infected horses during ehrlichimia, which coincides with peak leukopenia and fever (5) . The organism can be detected from the mononuclear cells with a gene probe (19) and by PCR (1) . Histopathological study of infected horses indicated the presence of enterocolitis (2) , and Ehrlichia organisms in the large colon of these horses have been observed by ultrastructural studies (16) . Diarrhea has been a major clinical feature of the disease, but as yet the presence of the organism in the feces has not been determined. The detection of the organisms in the feces is of importance, particularly since the mode of transmission of E. nisticii is still unknown and the organisms present in the feces may be involved in the process. Recently, immunomagnetic separation techniques have been used for separating microorganisms from the feces and detecting them by PCR (8, 9, 12) . This paper presents the separation of E. nisticii from the feces of experimentally infected horses by an immunomagnetic method and detection of E. nisticii by PCR.
MATERIALS AND METHODS
Experimental infection of horses and collection of clinical samples. Two horses free of detectable antibodies to E. nisticii were inoculated with 5 x 107E. risticii-infected mouse macrophage cells P388D1 (American Type Culture Collection), as described previously (5) . One horse (horse 1) was inoculated with a variant strain of E. nisticii (6) , and another horse (horse 2) was inoculated with the standard strain of the organism (4). The horses were monitored regularly for the clinical and hematological features of PHF, and clinical samples were collected.
Fecal samples were collected from the horses prior to infection and after infection on alternate days before the onset and after cessation of diarrhea and daily during the diarrheal phase for 40 days postinfection (p.i.). Heparinized whole blood was collected at intervals from these horses for 40 The plasma samples were centrifuged twice at 1,700 x g for 15 min, and the final supernate was collected. A 100-ml volume of plasma was centrifuged at 27,000 x g for 45 min, and the pellet was resuspended in 1 ml of PBS. An immunomagnetic separation procedure similar to the one described above was followed.
Direct extraction of E. risticii DNA from the feces. The supernates from the fecal samples, after clarification as described above, were centrifuged at 17,000 x g for 30 min, and the pellets were resuspended in EDTA (5 mM)-sodium dodecyl sulfate (SDS) (1.5%)-proteinase K (1 mg/ml) buffer to a 20X concentration and incubated at 56°C for 1 h. The suspensions were boiled for 5 min and centrifuged at 27,000 x g for 30 min, after which the supernates were subjected to the standard procedure of phenol-chloroform extraction and ethanol precipitation and the pellets were suspended in 50 pul of distilled water.
PCR. Feces and plasma preparations for the PCR have been described above. Processing of peripheral blood mononuclear cells was performed as described previously (1) . The mononuclear cells were pelleted and lysed with a lysis buffer at 100 p./10 X 106 cells. A 5-pA volume of the sample was used in all cases for PCR amplification.
PCR was performed according to the procedure described previously (1) . Two specific primers of 28 and 29 bases were used to amplify a target sequence of 247 bp. The amplified products were then subjected to agarose gel electrophoresis for detection of E. risticii DNA. The optical densities of the DNA bands were determined by a scanning densitometer (video densitometer model 620; Bio-Rad) by using negative photographic plates of the agarose gels.
Restriction enzyme analysis. The PCR-amplified products from the positive fecal samples were digested with 5 U of BamHI for 1 h at 37°C and then subjected to agarose gel electrophoresis according to the standard procedures. Amplified product from the E. risticii genomic DNA was used as a positive control.
DNA hybridization. For the preparation of DNA probe, an internal 180-bp fragment of the target sequence (247 bp) of E. risticii was amplified by using an internal primer pair (nested set) as described previously (1) . A 50-,ul volume of the amplified product was purified by using the GeneClean Kit (BIO 101) and resuspended in 10 p.l of distilled water. A 5-,ul volume of this purified product was labelled with 32P by a random-primer labelling method (catalog no. U1100; Promega Corporation), and the unincorporated nucleotide was removed by using the Stratagene Pushcolumn Kit (catalog no. 400700). A conventional hybridization was performed by using this probe according to the procedure described previously (1).
Isolation of E. risticii. Isolation of the organism from the mononuclear cells in P388D1 cell cultures was performed according to the procedure described previously (4) .
IFA and C-ELISA. The IFA and competitive ELISA (C-ELISA) were performed according to procedures described previously (4, 18) . Profiles of E. risticii detection from the feces and mononuclear cells in correspondence with the clinical-hematological features of the disease for horse 1. Diarrhea was graded on a scale of 0 to 5, 0 being negative and 5 being highest, representing severe watery diarrhea. PCR-amplified products were evaluated by direct determination of optical densities of the bands in the negative photographic plates of the agarose gel ( Fig. 2A) with a scanning densitometer. dilution was found to be suitable for coating the Dynabeads. In determining the optimum time for incubating the coated Dynabeads with the fecal samples, PCR amplification was observed at a low level for 5-, 10-, and 15-min incubations and increased to a higher level for 20-, 25-, 30-, and 35-min incubations, with a maximum level at 25 min. The level of amplification was decreased considerably when the incubation was 40 min or longer. Thus, a 1:5 dilution of the rabbit anti-E. risticii serum for coating Dynabeads and incubation of fecal samples with coated Dynabeads for 25 min were subsequently used in the procedure.
RESULTS
In horse 1, E. risticii was first detected from fecal samples on day 11 p.i., the first day of severe watery diarrhea. The concentration of organisms in the feces, as determined by the intensity of the band of the PCR-amplified product in an agarose gel, peaked on day 13 p.i. and then gradually declined until day 16 p.i., after which it became undetectable ( Fig. 2A) . E. risticii was first detected in the feces of horse 2 on day 12 p.i., the first day that soft feces were observed. The concentration of the organism in the feces increased on subsequent days, peaked on day 14 p.i., and then became undetectable after day 16 p.i. E. risticii was not detected from the feces during the times of peak diarrhea on day 17 p.i. and soft feces on day 18 p.i. (Fig. 2B) . From the fecal samples of days 13 and 14 p.i. from horses 1 and 2, respectively, E. nisticii was detectable up to a dilution of 1:64. The BamHI restriction profile of the 247-bp amplified DNA product from the fecal samples was identical to that of the amplified product of the E. risticii genomic DNA. Also, there was specific hybridization of the amplified DNA obtained from the feces with the internal DNA probe. These results established the specificity of the amplified product from the feces and thereby the detection of E. nsticii. The amount of PCR-amplified product from fecal samples stored at -20°C was much less than that from the same samples stored at 4°C. The fecal samples were positive to about the same level even after storage for over 4 months at 4°C. Dynabeads alone or Dynabeads coated with normal rabbit serum incubated with E. risticii-containing fecal samples showed a low level of DNA amplification, as determined by a faint specific band in the agarose gel. Preparations of direct DNA extract of fecal samples were negative by PCR. Control fecal samples were negative by PCR amplification.
Detection and isolation of E. risticii from the mononuclear cells. E. nisticii was detected from the mononuclear cells of the Fig. 1 ). For horse 1, the organism was first detected on day 7 p.i. Peak detection occurred on day 10 p.i., with the detection level gradually declining until day 21 p.i., and E. risticii was undetectable on day 28 p.i. For horse 2, E. risticii was first detected on day 7 p.i., peaked on day 11 p.i., maintained a high level up to day 17 p.i., gradually declined until day 21 p.i., and was undetectable on day 28 p.i.
E. risticii was isolated in cell culture from the mononuclear cells obtained on different days during fever and leukopenia from both the horses.
Detection of E. risticii from plasma. E. risticii was not detected from both straight and 10OX concentrated preparations of the plasma samples, including the plasma collected on the day when the mononuclear cells showed a peak concentration of E. risticii. Serum E. risticii antibodies. Both horses produced high titers of E. risticii antibodies. Antibodies were detected by IFA in serum taken 1 week p.i. with a titer of 1:20. The titers increased to 1:640 and 1:320 for horses 1 and 2, respectively, in 3 weeks. For both horses, the titer peaked to 1:5,120 at 6 weeks and then gradually declined to 1:2,560 at 8 weeks and 1:1,280 at 16 weeks p.i. The sera were positive for specific antibodies by C-ELISA.
DISCUSSION
It is important to know whether E. risticii is present in the feces of horses suffering from PHF. By immunomagnetic separation and PCR methods, the organisms were detected in the feces from the infected horses. For the immunomagnetic separation procedure, rabbit anti-E. risticii serum (21) . Storing of fecal samples at 4°C was suitable for detection, but when samples were stored frozen at -20°C there was a drastic reduction in PCR amplification. The most logical explanation for this is that freezing and thawing damaged or ruptured the organisms, thereby exposing the organisms' DNA to nucleases and inhibitors present in the feces, causing degradation of DNA, and reduced the specific templates for PCR amplification. The DNA extracted directly from the fecal samples was negative by PCR amplification, possibly because of the presence in the fecal extracts of substances like bile salts and bilirubin which cause inhibition of PCR (20) .
For both horses, the peak presence of the organism in the mononuclear cells was during peak fever and leukopenia or thereabouts, at which time the organisms were not detected from the feces. The peak presence of E. risticii in the feces of both horses occurred 3 days later, during the soft-or diarrhealfeces phase. E. risticii was first detected from the feces on the first day of diarrhea or soft feces. This supports previous evidence that the organisms are primarily responsible for causing diarrhea (14, 16) . Thus, it appears that soon after ehrlichimia the organisms invade the cells lining the intestines, causing diarrhea, and are shed in the feces. E. nisticii was not detected from the plasma samples obtained from these horses, including the samples obtained on the day of peak presence of the organism in the mononuclear cells, indicating that the ehrlichimia is possibly cell associated.
The shedding of E. risticii in the feces may have implications for the diagnosis and epidemiology of the disease. Because of the presence of the organism in the feces, detection of E. risticii can be used as a simple, quick, and sensitive method for the diagnosis of the disease. As yet, the mode of transmission of E. risticii remains unknown. Epidemiological evidence and the seasonality of the disease in summer months strongly suggest that a vector(s) may be involved in the transmission of PHF (13) . To date, all attempts to identify a blood-feeding arthropod vector have been consistently unsuccessful (17) . It may be that the feces containing the organisms are the source for the transmission of the disease, possibly involving a vector. In that case, the detection of E. risticii in the feces, as presented here, will facilitate the study of the transmission of E. risticii in PHF.
